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1 The chemistry associated with 1,3-dicarbonyl compounds is now well understood, and many cascade reactions exploiting their reactivity have been described.
2 Although underexploited in comparison to their 1,3-dicarbonyl isomers, 1,2-dicarbonyl compounds also possess significant synthetic potential. 3 As part of our sustained interest in MBFTs, we reported a few years ago the use of 1,2-ketoamides and 1,2-ketoesters as pronucleophiles in enantioselective Michael addition using hydrogenbonding organocatalysis.
4 These methodologies may represent the first step in the design of efficient and original MBFTs by using 1,2-dicarbonyl compounds as substrates. 5 Indeed the Michael adduct obtained in optically active form can be seen as a synthetic platform for many types of carboand heterocycles.
We reasoned that a suitably functionalized ketoamide 1 could be exploited by using our previous methodology to provide enantioselective access to pyrrolidines 4 as precursors of pyrrolo-1,4-benzodiazepin2,5-diones 5 (Scheme 1). 6 The pyrrolo-1,4-benzodiazepine-2,5-dione structural subunit can be found in several natural products such as asterrelenin, aszonalenin, and oxotomamycin.
7 These compounds as well as their analogues or derivatives have shown antitumor, 8 antibiotic, 9 anxiolytic, 10 and antithrombic activities.
11 Moreover, their structural motifs and physicochemical properties have led to the benzodiazepine scaffold being considered as a novel non-peptide peptidomimetic, acting as a mimic of peptide secondary structures such as γ-and β-turns.
12 Considering these biological properties, rapid and easy access to this scaffold would be of high interest. The novel strategy we designed constitutes an original route for the synthesis of this molecular scaffold. We anticipated that the reduction of the nitro group could trigger an original domino reductive amination-lactamization sequence giving the desired benzodiazepinone derivative in only two simple synthetic operations from two simple achiral and acyclic starting materials.
We selected 1,2-ketoamides 1a and 1b, bearing an ester moiety on the phenyl ring of the amide, as model ketoamides, and β-nitrostyrene (2a) as the electrophilic partner (Table 1) . Takemoto thiourea catalyst 6 13 was selected to promote this reaction because it gave us excellent results in previous studies. 4 Preliminary optimization of the reaction conditions led us to the conclusions that dichloromethane (CH 2 Cl 2 ) was a better solvent than ethyl acetate, because the former solvent allowed a higher enantioselectivity to be achieved (entries 1 and 3). Moreover, conducting the reaction in CH 2 Cl 2 was possible at room temperature, affording the desired Michael adduct in good yield and excellent stereoselectivities (entries 3 and 5). The diastereoselectivity, which favored the trans adduct 3a or 3b, was excellent in all cases. SYNLETT0 9 3 6 -5 2 1 4 1 4 3 7 -2 0 9 6 © Georg Thieme Verlag Stuttgart · New York 2015, 26, 1591-1595 letter P. Acosta et al. Having identified the best conditions for this reaction, we studied its scope (Scheme 2) and found that various aryl nitroalkenes with electron-donating or electron-withdrawing substituents can be used for this transformation with yields ranging from 50 to 65% and, in all cases, excellent enantioselectivities (91-99% ee). We always observed incomplete conversion of the starting nitroalkene. No perceptible evolution was found after 48 h, possibly due to inhibition of 
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the catalyst by hydrogen bonding with the product of the reaction. In addition, heteroaryl-substituted nitroolefins were found to be suitable substrates, affording the desired Michael adduct with similar efficiency (3g, 3h, 3m, and3n) . Surprisingly, the use of ketoamide 1c (R 1 = Ph, Y = CO 2 Me) gave the product 3o in moderate yield (32%) and enantioselectivity (58%). In contrast, the reaction was found to be very efficient for ketoamide 1d (R 1 = Et, Y = CN) incorporating a cyano moiety instead of the ester function (3p; 87% yield, >20:1 dr, 93% ee). The relative and absolute stereochemistry can be justified by the transition state proposed in preliminary studies. Hence, the thiourea moiety of the catalyst activates the (Z)-enolate of ketoamide 14 while the ammonium ion activates the nitroalkene through H-bonding interaction. Therefore, a preferential approach of the Si face of the enolate on the Re face of 2a could account for the observed stereochemistry.
We then attempted to validate our strategy by converting Michael adducts 3 into the functionalized diazepinones 5 (Scheme 3). First, the reaction conditions used to convert nitroalkane 3a into the substituted pyrrolidine 4a were screened. The use of various reductive conditions such as H 2 in combination with Pd on charcoal or Raney-Ni, or sodium borohydride in the presence of nickel(II) salt, gave the desired product 4a in good yields, but invariably with no diastereoselectivity. However, we observed that the use of activated zinc and acetic acid in THF led to the formation of the desired pyrrolidine in moderate yield (4a; 55%) and very good diastereoselectivity (dr = 15:1). At this stage, subsequent formation of the 1,4-benzodiazepin-2,5-dione was studied. Optimized reaction conditions consisted of heating 4a at 210 °C in ethylene glycol for 10 min under microwave irradiation, and afforded 5a in 50% yield. The desired benzodiazepinone 5a was isolated with 86% ee starting from pyrrolidine 4a (91% ee). To increase the synthetic efficiency of the cyclization, a two-step sequence for conversion of pyrrolidine 4a into 5a was then conducted. The ester function of 4a was first saponified to give the corresponding carboxylic acid in quantitative yield. Unfortunately, intramolecular amide coupling only afforded the desired benzodiazepinone 5a in poor yields with significant loss of enantiomeric purity (70% ee).
15 With this synthetic procedure in hand, microwave-assisted lactamization was finally chosen and applied for two other examples; benzodiazepinones 5c and 5d were both obtained with modest yields (45%).
In conclusion, we have developed a new strategy for the synthesis of optically active pyrrolo[1,4]benzodiazepine-2,5-diones. 16 The approach is based on an initial Michael addition of functionalized 1,2-ketoamides on nitroalkenes, with the adduct then being converted into the desired substituted benzodiazepine by following a reduction-double cyclization sequence. 
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